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Influence of Temperature on Embryogenesis in Meloidogyne javanica 

A L A N  F. BIRD 1 

Abstract: The optimum temperature for embryogenesis in Meloidogyne ]avanica lies between 25 and 30 
C. Embryogenesis is slightly more rapid at 30 C (9-10 days), but more eggs complete development at 25 C 
(11-13 days). At temperatures of 25, 27.5, and 30 C, embryogenesis is about twice as rapid as at 20 C 
(23-25 days), and about four times as rapid as at 15 C (46-48 days). Time-lapse studies showed that the 
thermal optimum is similar throughout the different stages of embryonic development. Key words: 
embryo, larva, cin6 time-lapse. 

The  f i rs t  report on the influence of 
temperature on egg development in root-knot 
nematodes was by Tyler (6) in 1933. She found 
that embryogenesis of eggs in hanging drop 
cultures was completed in 9 days at 27 C, 
whereas it took 31 days at 16.5 C. Bird and 
Wallace (3) showed that over a period of 6 
days, the thermal optimum for the hatch of 
eggs ofMeloidogyne javanica (Treub) Chitwood 
was in the region of 30 C. Subsequently, 
Wallace (7) reported that the thermal opt imum 
for embryogenesis is about 15 C, whereas that 
for eclosion (emergence of larva from egg or 
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what is commonly known as hatching) is 30 C. 
To determine whether different stages of 

embryogenesis of M. ]avanica have different 
thermal optima, I studied its embryogenesis at 
different temperatures using time-lapse cin6 
photomicrography to record every phase of 
deve lopment .  Detailed descriptions of the 
m o r p h o l o g i c a l  c h a n g e s  occurring during 
embryogenesis are not given here, as they did 
not deviate from descriptions already published 
(2 ,4 ,  5). 

MATERIALS AND METHODS 

Egg masses of M. javanica containing a 
relatively large proportion of eggs in their 
earliest stages of development (4-6 weeks from 
time of infection in glass house) were dissected 
from the roots of tomato plants. The egg 
masses were vibrated in a hypochlorite solution 
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(0.5% available chlorine) for 1 min and washed 
in sterile distilled water, and the eggs collected 
b y  c e n t r i f u g a t i o n .  E x p o s u r e  to the 
hypochlorite solution did not exceed 3 rain. 
The eggs were further surface sterilized by 
treatment with 0.5% Hibitane® (chlorhexidine 
giuconate) for 10 rain, followed by three 
washes in sterile distilled water. It was found 
t h a t  t h i s  f u r t h e r  r educes  bac t e r i a l  
contamination without affecting the rate of  
embryonic development. 

Eggs in the 2-celled stage were selected 
carefully and placed either in 0.5 ml of  distilled 
water in watch glasses sealed with petroleum 
jelly for counting experiments, or in sitting 
drop slides (2) for photomicrography. All 
m a n i p u l a t i o n s  were done under aseptic 
conditions. Counting experiments consisted of 
counting the number of eggs which had become 
first stage larvae or had hatched at a particular 
time for each temperature range; 50 -+ 3 eggs 
were used per watch glass, and 6-8 eggs were 
used in the time-lapse studies in each sitting 
drop slide. 

Cin~ time-lapse photographs were taken on 
35-mm film at 30-rain intervals using a Zeiss 

• t 

micro cane camera in conjunction with a 
temperature-control led box (Fig. 1) with 
temperatures selected at 20, 25, 27.5, and 30 C 
(all -+ 0.25 C). For the counting experiments, 
the watch glasses were kept in incubators set at 
15, 20, 25, 30, and 35 C, respectively (all +- 0.5 
C). 

RESULTS 

In studies involving comparison of rates of  
embryogenesis, it is most important to select 
similar early stages so that development is 
synchronous. The results of this type of 
selection are shown in Fig. 2, where the 
development of  a batch of 7 eggs in a sitting 
drop slide is followed at 27.5 C. In this 
particular case, 5 of the 7 eggs completed their 
d e v e l o p m e n t ,  and it was on ly  during 
the development of tadpole larvae to first stage 
larvae (Fig. 2E), which takes place within a few 
hours, that any differences could be detected in 
the i r  o the rwi se  s y n c h r o n o u s  ra tes  of 
development. 

The rate of  embryogenesis ofM. javanica at 
different temperatures varied considerably (Fig. 
3). These photographs of eggs selected for 
uniformity were taken over a 9-day period, 
during which time egg development at 30 C had 
reached the stage of shell plasticity (Fig. 3H) 

FIG. 1. The apparatus used for cin6 time-lapse pho- 
tomicrography. 

which is known to precede hatching (1). 
Rates of development at 25 and 30 C were 

similar, and were greater than at 20 and 15 C. 
Thus at 20 C, newly formed, first stage larvae 
were observed in 9 days (Fig. 3, 20 C, H), 
whereas at 30 C they were observed at 4.75 
days (Fig. 3, 30 C, E). Embryogenesis at 20 C 
proceeded at about half the rate as at 30 C. The 
rate of  development at 15 C was much slower, 
and embryos in the early gastrula stage were 
observed at 9 days (Fig. 3, 15 C, H), whereas at 
20 C this stage was observed at 4.75 days (Fig. 
3, 20 C, E), and at 30 C it was observed 
between 1.25 and 3.75 days (Figs. 3, 30 C, C, 
D). Thus, the rate of embryogenesis at 15 C 
appeared to be about 4-5 times slower than at 
30 C. 

Even though embryogenesis in some cases 
took several weeks (e.g., at 20 C), the use of 
time-lapse " ' cme equipment ensured that even 
changes which occurred comparatively rapidly 
were recorded. Thus, the obvious and rapid 
morphological changes which occurred during 
the formation of a first stage larva from the 
tadpole stage (Fig. 4) took about 7 hr at 20 C, 
whereas at 30 C it took only about 3.5 hr. 

Stages of  embryogenesis of large batches of 
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FIG. 2. Synchronous  embryogenesis  of Meloidogynejavanica at 27.5 C. Bar = 100 ~m. A = 2-cell stage, start; 
B = 4-cell stage, 0.5 days; C = multiceU stage, 1 day; D = gastrula stage, 3 days; E = tadpole stages, 4 days; F = 
first-stage larvae, 4.5 days; G = second-stage larvae, 8 days; H = first egg hatched, 11 days. 
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FIG. 3A. Comparative embryogenesis  of Meloidogyne/avanica at 15, 20,  25,  and 30 C. Bar = 100 tzm. A = 
0.25 days; B = 0.75 days; C = 1.25 days; D = 3.75 days. 
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FIG. 3B. Comparative embryogenesis  ofMeloidogyne javanica at 15, 20, 25, and 30 C. Bar = 100 tam. E = 
4.75 days; F = 7 days; G = 8 days; H = 9 days. 



Embryogenes i s  in Meloidogyne javanica: Bird 211 

FIG. 4. Comparative embryogenesis of Meloidogyne javanica at 20 and 30 C of the development of the 
tadpole stage to the first larva using tin6 time-lapse of 1 frame every 0.5 hr. Bar = 100/~m. 20 C = every second 
frame; 30 C = every frame. 
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FIG. 5. Embryogenesis of eggs of Meloidogyne 
iavanica from the two-cell stage to the first larval stage 
at 15, 20, 25, and 30 C. The last point on each curve 
represents maximum number of first stage larvae. 
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FIG. 6. Embryogenesis of eggs of Meloidogyne 
]avanica from the first larval stage through to hatching 
at 20, 25, and 30 C. The last point on each curve 
represents maximum number of hatched eggs. 

eggs during development in sealed watch glasses 
were counted at temperatures of  15, 20, 25, 
and 30 C. 

Development up to the first larval stage 
took 3-4 days at 30 C, but  only about 40% of  
the eggs reached this stage of  development (Fig. 
5). At 25 C, 4-6 days were required for 
development to 
70% o f  t he  
development to 
7-10 days, and 

the first larval stage, but  about 
eggs  developed. At 20 C, 
the first larval stage took about 
75% of  the eggs reached this 

stage. At 15 C, development to the first larval 
stage took 19-25 days, and just over 60% of  the 
eggs reached this stage. 

Development through the two larval stages 
to hatching (Fig. 6) took about 9-10 days at 30 
C with only about 30% hatching; at 25 C it 
took 10-13 days with 70% hatching; and at 20 
C it took 21-25 days with nearly 80% hatching. 
The curve for 15 C is not included in this graph 
because no larvae hatched by 27 days and, in 
fact, hatching took 44-51 days and only 50% 
hatched. Embryogenesis was never completed 
at 35 C, and development usually ceased within 
4 days. 

DISCUSSION 

The results described above indicate that the 
thermal opt imum for embryogenesis in M. 
javanica lies between 25 and 30 C, and that this, 
appears to be the opt imum temperature for 
development in all stages o f  embryogenesis. 

The morta l i ty  of  embryos at 30 C is twice as 
great as at 25 C, but  the difference in embryo 
mortal i ty between 25 and 20 C is slight and is 
offset by the much slower rate of  development 
at 20 C. 

At 15 C, the rate of  embryogenesis is 
extremely slow, and these results contradict  the 
hypothesis (7) that this temperature is close to 
the thermal opt imum for embryogenesis in M. 
javanica or that the thermal opt imum for 
embryogenesis differs very much, if  at all, from 
that for hatching or eclosion. It is difficult to 
explain these conflicting results since similar 
materials and methods were used. They may be 
due part ly to a greater depth of  water in the 
watch glasses, coupled with the possibility of  
contaminat ion with aerobic bacteria having a 
thermal opt imum of  25-30 C in Wallace's 
experiments.  These factors could induce an 
oxygen deficiency which could increase with 
rise in temperature.  However, these ideas could 
account only partly for the differences that 
have been described as similar results were 
obtained without  the use of  Hibitane. 
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A Redescription of the Bark Beetle Nematode Contortylenchus brevicomi: 
Synonym Contortylenchus barberus (Nematoda : Sphaerulariidae) 

CYRIL H. S. THONG and JOHN M. WEBSTER 1 

Abstract: Contortylenchus barberus is synonymized with C. brevicomi because their original separation 
was based on minor morphometric variations that are considered here to be intraspecific rather than 
interspeciflc. The ranges of body length and body width in measured specimens of C. brevicomi 
encompass those of the original description of C. brevicomi and C. barberus. The presence or absence of 
the caudal mucro is considered not a valid criterion for species differentiation. Several of the 
morphometric details of the two species overlap and thus are not considered suitable for species 
differentiation. Such variation may be due to stresses of the host-parasite relationship. The respective 
hosts of the two nematodes, Dendroctonus brevicomis and D. barberi, have been synonymized into the 
former species. The description of the larval stages of C. brevicomi is presented. Key word: taxonomy. 

Contorlylenchus brevicomi and C. barberus 
were first described by Massey (3) and named 
Aphelenchulus brevicomi and A. barberus, 
respectively. Rt~hm (5) placed both species 
under the genus Contortylenchus. The two host 
bark beetles, Dendroctonus brevicomis Leconte 
and D. barberi Hopkins, respectively, were 
synonymized into the single species D. 
brevicomis by Wood (6). Massey used mainly 
intraspecific variations in morphometry as 
criteria for the separation of C. brevicorni and 
C. barberus. He also stated that the C. barberus 
female had a prominent caudal mucro, and that 
this was sometimes absent from the tail of the 
C. brevicomi female. In our opinion, this is 
insufficient evidence to justify two distinct 
species. 

In this paper, we redescribe C. brevicomi 
and synonymize C. barberus with it. The 
reasons for synonymy are discussed. Some 
aspects of the biology of C. brevicomi are 
presented. 

MATERIALS AND METHODS 

Specimens of Dendroctonus brevicomis 
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were obtained from logs of Pinus ponderosa 
from Lytton, British Columbia. The emerging 
beetles were dissected in insect saline, and the 
nematodes in the hemocoel killed and fixed in 
hot T.A.F. (2). The nematodes were stained in 
0.01% cotton blue in lactophenol and processed 
through Baker's solutions (2). Measurements 
and drawings were done using normal light and 
phase contrast microscopy. Measurements 
follow the de Man formula except for VI ,  
which represents the length of the ovary 
expressed as a percentage of body length, and 
Tv, which represents the distance of the vulva 
from the tail terminus. 

DESCRIPTION AND DIAGNOSIS 

Contortylenchus brevicomi (Massey, 1957) 
Ru'hm, 1960. 

S y n. Contortylenchus barberus (Massey, 
1957) Riihm, 1960. 
Females (16) : L = 3.61 mm (2.82 - 4.82); w = 

87/~ (70 - 100); a = 41.8 (32.8 - 60.0);V = 
95.9% (94.7 - 97.0); V 1 = 93.5% (88.5 - 
96.5); T v = 147/a (110 - 180). 
The mature female nematodes are found 

only in the hemocoel. Female long and slender, 
with body slightly bent dorsally. Cuticle finely 
striated except at extreme anterior where it 
becomes annulated (Fig. 1B). Buccal styler very 
d i s t inc t  in egg -p roduc ing  females, but 
degenerate in older specimens. Stylet short and 
slender, with small basal knobs. Esophagus 
straight, non-bulbous; esophageal glands 
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